ABSTRACT
pistaxis is the most common otolaryngology emergency and accounts for ϳ1 in 200 emergency room consultations. 1 The majority of cases are controlled with common first-line interventions such as chemical or electrical cautery, the application of hemostatic agents, or short-term anterior nasal packs. However, there is a subset of patients with intractable spontaneous epistaxis who continue to bleed and require more aggressive therapy.
Intractable epistaxis is a challenging problem that was traditionally managed with posterior nasal packing and prolonged hospital admission and associated with significant patient morbidity and high health care costs. With improvements in both endoscopic and endovascular techniques, transnasal endoscopic sphenopalatine artery ligation (TESPAL) and arterial embolization have gained popularity over the traditional approach. Both techniques can be successful in controlling intractable epistaxis but the decision to use one versus the other can be challenging. 2, 3 This article will focus on the management of intractable spontaneous epistaxis and discuss the role of TESPAL and embolization as it pertains to this challenging clinical scenario.
ANATOMY
The vascular supply of the nasal cavity arises from terminal branches derived from both the internal carotid artery (ICA) and the external carotid artery (ECA). The majority of epistaxis occurs on the anterior nasal septum at a region called Little's area, which is supplied by Kiesselbach's plexus. This vascular network of vessels is a confluence of three terminal arteries (sphenopalatine artery [SPA] , anterior ethmoid artery [AEA] , and superior labial artery) and accounts for ϳ90-95% of epistaxis. 4 Although there is no clear definition of anterior epistaxis versus posterior epistaxis, ϳ5-10% of patients bleed beyond visualization with a nasal speculum and headlight. The two primary anatomic sites of posterior epistaxis include the posterior lateral nasal wall 5 and posterior nasal septum. 6 Because of inherent challenges with visualization and poor treatment localization, the majority of intractable epistaxis cases would be classified as posterior epistaxis.
From a clinical perspective, the most common artery involved in posterior intractable epistaxis is the SPA. The SPA is a terminal branch of the internal maxillary artery (IMA) and enters the nasal cavity in the region of the posterior attachment of the middle turbinate through the sphenopalatine foramen (SPF). There have been several studies showing several SPF anatomic variations (Table 1) . [7] [8] [9] [10] [11] [12] Despite some differences in the prevalence of anatomic variations, all studies indicated that the SPF was higher than the posterior attachment of the middle turbinate, usually located at the junction of the middle and superior meatuses. Therefore, during TESPAL, the lower limit of dissection should be the inferior edge of the posterior attachment of the middle turbinate (Fig. 1) . The ethmoid crest (also known as crista ethmoidalis) is an important surgical landmark, because it is present in all patients and is positioned anterior to the SPF in 98% of cases. 10 A thorough understanding of the SPF and SPA anatomy is required to optimize surgical therapy of intractable epistaxis and minimize treatment failures.
Epistaxis from the AEA is less common and is typically associated with midface trauma or iatrogenic injury during endoscopic sinus surgery. The AEA branches off the ophthalmic artery within the orbital cavity and traverses medially along the ethmoid skull base to supply the superior lateral nasal wall and septum. Externally, in the space between the orbital periosteum and lamina papyracea, the AEA can be identified ϳ2 cm posterior to the lacrimal crest. 13 Endonasally, the AEA can be located either at the ethmoid skull base attachment of the ethmoid bulla lamella or just posterior to this location, along the posterior aspect of the frontal recess (Fig. 2) . Two recent cadaver studies indicated that the AEA runs in a bony arterial mesentery in approximately one-third of cases and is amenable to surgical ligation in ϳ20% of cases (Table 2 ). 14, 15 However, another cadaver study by Camp et al. showed that all 16 AEAs were successfully clipped endoscopically without any noted skull base injuries. 16 Patients with an
AEA located in a mesentery can be identified on preoperative sinus CT and they tend to have longer lateral lamella (Keros, type 2 or 3) and a high ethmoid skull base (Fig. 3) .
GENERAL MANAGEMENT OF EPISTAXIS
Before the definitive management of intractable epistaxis, several important interventions should be used to optimize treatment success. The first priority is to control or slow the active hemorrhage with some form of temporizing packing. This can be achieved with commercially available anterior-posterior balloon combo packs or a Foley catheter combined with anterior packing. 17 The goal of both methods is to slow the rate of blood loss and occlude the posterior choanae to prevent blood from traveling into the upper airway.
Once the active hemorrhage is controlled, any precipitating medical factors should be identified and corrected if clinically safe to do so. The anticoagulated patient can pose a challenging problem, because they tend to have more severe epistaxis and bleed from several sites. Because of the risk for serious medical complications, reversal or discontinuation of the anticoagulation medication should not be performed unless it is deemed safe by the initiating medical specialty. During warfarin-related epistaxis, ϳ80% of patients were outside their disease-specific international normalized ratio (INR) range; therefore, in addition to a complete blood count, all patients should have an INR evaluated at the time of presentation. 18 In 2008, Walker et al. proposed a protocol to manage anticoagulation-related epistaxis 19 (Table 3) . Therapy often requires a multidisciplinary team to optimize safe therapy for the control of epistaxis.
SURGERY FOR INTRACTABLE EPISTAXIS
Surgical intervention for intractable epistaxis provides targeted therapy and can prevent prolonged posterior nasal packing with consequent hospital admission. A randomized trial by Moshaver et al. evaluated patients with intractable epistaxis and compared early surgical intervention (using TESPAL) to posterior nasal packing. The 
Transnasal Endoscopic Sphenopalatine Artery Ligation
Historically, surgical control of posterior epistaxis involved a Caldwell-Luc with transantral ligation of the IMA. 20 This external approach was associated with high patient morbidity and often failed to control the epistaxis because of collateral circulation supplying the SPA distal to the IMA ligation site. In an attempt to reduce patient morbidity and improve success rates, therapies evolved into transnasal techniques with focal ligation of the SPA. In 1985, Stamm et al. described the transnasal microscope approach to SPA ligation and showed a 94% success rate for controlling intractable posterior epistaxis with reduced patient morbidity. 21 In 1992, Budrovich reported on the endoscopic approach for SPA ligation, which has increased in popularity because of improved visualization and reduced patient morbidity. 22 Technique for TESPAL. After administration of a general anesthetic and airway protection, TESPAL begins with thorough nasal preparation to optimize visualization and improve treatment success. First, the temporizing nasal packing material is removed and the nasal cavity is cleaned of all blood clots. A detailed endoscopic examination should be performed before decongesting the nose to clearly define the site of bleeding. Next, decongesting the nose for 5-10 minutes (we use pledgets soaked with 1:1000 epinephrine) will reduce active bleeding and significantly improve visualization during the procedure. To further optimize intraoperative hemostasis, the sphenopalatine region or greater palatine canal 23 may be injected with local anesthetic containing epinephrine (we use 1% Xylocaine with 1:100,000 epinephrine). The importance of this nasal preparation can not be overemphasized.
After preparation, the TESPAL procedure can proceed in a welldescribed fashion (Table 4) . Some surgeons routinely perform maxillary antrostomy to improve SPA identification; however, a recent study by Shires et al. showed that 90% of TESPALs can be successfully performed with an isolated lateral nasal wall incision. 24 After SPA identification, studies have indicated that cauterization, rather than clipping, provides a higher success rate. 3, 25 Success Rate for TESPAL. Most studies evaluating TESPAL are small and retrospective; however, the reported overall success rate is Ͼ85%. They reported a 12% failure rate and identified the following risk factors for early rebleeding requiring nasal packing: (1) warfarin administration, (2) low platelet count on admission, and (3) not using cauterization for SPA ligation. 25 Complications in TESPAL. Minor rebleeding requiring nasal packing occurs in ϳ15-20% of cases. 25 Major rebleeding requiring a second surgical procedure is rare and would be Ͻ1% of cases. Other reported complications of TESPAL include nasal crusting (34%), palatal numbness (12%), and acute sinusitis (3%). 29 Starting nasal saline irrigation 48 hours after TESPAL may be considered to reduce crusting and potentially avoiding long-term complications such as synechiae and sinus ostial obstruction. 
D O N O T C O P Y

Transnasal Endoscopic Anterior Ethmoid Artery Ligation
Epistaxis related to the AEA is less common than the SPA and was traditionally ligated using an external Lynch incision with AEA clipping between the lamina papyracea and periorbita. Two recent cadaver studies showed that TEAEAL may be possible in ϳ20% of patients, and all cases required that the AEA run in a bony mesentery across the ethmoid skull base. 14, 15 Although there is limited research on TEAEAL, two small case series have reported success in controlling intractable epistaxis, which localized to the ethmoid region during the endoscopic exam. 30, 31 Before choosing to perform TEAEAL, it is important for the surgeon to weigh the potential benefits of avoiding an external scar from the traditional external approach, with the potential for serious complications such as cerebral spinal fluid leak or orbital injury related to TEAEAL.
Technique of TEAEAL. Preoperative CT scan of the sinuses should be performed to review the AEA anatomy to determine whether it is amenable to endoscopic ligation (see foregoing Anatomy section). As with the TESPAL, a general anesthetic is typically required and thorough nasal preparation is recommended to optimize surgical success. In 2007, Pletcher and Metson reported the surgical steps for TEAEAL (Table 5) . 30 The role of TEAEAL still has to be entirely defined.
Success Rate of TEAEAL. There is limited evidence for the success rate of TEAEAL. Furthermore, AEA ligation is typically combined with SPA ligation, making it more challenging to determine the isolated effect of TEAEAL.
Complications of TEAEAL. Potential serious complications that must be considered when choosing to perform TEAEAL include cerebral spinal fluid leak, orbital injury, and failure to control epistaxis.
ARTERIAL EMBOLIZATION
Endovascular control of intractable epistaxis was first described in 1974 32 and has since been evaluated in several large studies to become a well-accepted therapeutic option. [33] [34] [35] [36] [37] The following section will outline the basic technique, success rates, and potential complications of embolization for intractable epistaxis.
Technique of Embolization. The first step involves a preembolization angiogram of the ICA and ECA systems. The purpose of this angiogram is to evaluate for contrast blush, which can localize the site of bleeding, and to identify rare etiologies of epistaxis, such as tumors, vascular malformations, or pseudoaneurysm. Additionally, it can identify dangerous anastomoses between the ECA and ICA that can predispose to stroke or blindness. A recent review article by Willems et al. outlines a treatment protocol for embolization of idiopathic intractable epistaxis (Table 6 ). 2 The nose has significant anastomoses from the contralateral arterial system; therefore, it is common to embolize the contralateral IMA and sometimes the contralateral facial artery to optimize treatment success. However, this decision is controversial and may increase the risk of soft tissue ischemia-related complications. 38 To reduce the risk of intranasal ischemia during cases of bilateral arterial embolization, it may be beneficial to remove nasal packing early to prevent soft-tissue compression of nasal tissue that further compromises vascularity.
Success of Embolization. Arterial embolization appears comparable with TESPAL for success in controlling intractable epistaxis, as several recent studies have shown success rates between 80 and 90%. [33] [34] [35] [36] A study by Christensen et al. pooled the results from 23 studies and indicated a mean success rate of 88%. 35 Complications of Embolization. A recent article by Willem et al. categorizes complications associated with arterial embolization into three categories: minor transient, major transient, and persistent (Table 7) . Minor transient complications occur between 25 and 50% of cases and can be managed with conservative therapy. Although, major transient and persistent complications are rare, they must be discussed with the patient because the sequelae can be severe and result in substantial morbidity. 
D O N O T C O P Y SURGERY VERSUS EMBOLIZATION FOR INTRACTABLE EPISTAXIS
In cases of intractable epistaxis, the decision to choose surgery or embolization is challenging because both modalities have similar high success rates. Thus, therapeutic decision making is commonly influenced by several factors, such as patient comorbidity, presence of anticoagulation, institution surgical and endovascular expertise, patient preference, and health care costs. Although there is no definitive evidence indicating when one treatment modality is superior to the other, this section will discuss the advantages of both options and attempt to clarify this challenging dilemma.
The primary advantage of TESPAL over embolization is a lower risk for major complications such as stroke, blindness, and soft tissue ischemia. Other potential advantages of TESPAL include improved bleeding site localization, improved ability to diagnose less common etiologies of epistaxis (e.g., tumors), the option to perform immediate AEA ligation, and generally lower health care costs. The primary advantage of embolization over TESPAL is the ability to perform the procedure under local anesthesia Ϯ light sedation and avoiding general anesthesia in a patient with pertinent comorbidities. Other advantages of embolization include improved diagnosis of vascular abnormalities (such as vascular malformations or pseudoaneurysm) and potentially less trauma to nasal mucosa (Table 8) .
In a time of finite health care resources and budgets, it is important to consider the economic impact of medical interventions. The best available evidence has reported TESPAL costs approximately between $6000 and $7500 compared with approximate costs of $12,000 for arterial embolization in 2005 U.S. dollars. 26, 35, 39 When weighing the advantages of TESPAL and embolization, one might argue that TESPAL may be the better first-line option for intractable epistaxis while reserving embolization for cases of surgical failure. However, there may be clinical situations when embolization would be preferable to TESPAL such as in patients with significant medical comorbidities who would be at considerable risk for general anesthetic. Additionally, surgery in an anticoagulated patient may result in increased bleeding and additional bleeding sites; therefore, embolization in this scenario may be less traumatic to the nasal mucosa and optimize treatment success. Figure 4 outlines a proposed treatment algorithm for the management of intractable epistaxis.
CONCLUSION
Intractable spontaneous epistaxis is a challenging problem and was traditionally managed with posterior nasal packing and prolonged hospital admission. Because of reduced patient morbidity and excellent success rates, surgical and endovascular techniques to control intractable epistaxis have become standard practice. However, the decision to pursue surgical arterial ligation versus arterial embolization is complex. When considering the lower risk of major complications and reduced economic impact, surgical ligation (TESPAL Ϯ AEA ligation) may be the preferable option before attempting arterial embolization for intractable epistaxis. Embolization may be a better initial option in patients unfit for general anesthesia, in those who are anticoagulated, and in surgical failures. Future research will need to further elucidate the clinical indications for both TESPAL and arterial embolization. 
